Vincristine and vinblastine were found by Liquid Chromatography-Mass Spectrometry (LC-MS) in Catharanthus roseuscambial meristem cells (CMCs) jointly treated with 0.25 mM vindolineand methyl jasmonate (MeJA), suggesting that C. roseus CMCs contain a complete set of the enzymes which are in response to convert vindoline into vincristine and vinblastine. Based on the facts that the transcript levels of vindoline-biosynthetic genes (STR, SGD and D4H) were up-regulated instead of being down-regulated by adding itself to the culture, and that the transcriptional factor ORCA3 was up-regulated simultaneously, we further confirmed that the transcription of STR, SGD, D4H was manipulated by ORCA3.
The terpene indole alkaloids (TIAs) from Catharanthus roseus are important secondary metabolites with diverse structures and biological activities [1, 2] . In the complex biosynthetic process of TIAs, strictosidine aglycone is considered as a key intermediate from which at least two biosynthetic pathways are derived. From these two pathways, vindoline and cathenamine are synthesized, respectively. The coupling of vindoline and cathenamine finally leads to the production of bisindole alkaloids vincristine and vinblastine, and cathenamine is also hypothesized as the precursor of ajmalicine and serpentine. Previous results have proved that vindoline can be detected from CMCs of C. roseus,but not from either suspension cells or hairy roots due to deficiency of the corresponding enzymes in the latter two cells / tissues [3, 4] . Unfortunately, vincristine and vinblastine are not found in the CMCs cultures which was possibly due to the low concentration of vindoline. Since the enzymes necessary for converting vindoline into vincristine and vinblastine have not been characterized yet, the levels of their transcription or expression could not be directly analyzed by biological methods, such as quantitative reverse transcription (RT)-PCR and Western blot. To clarify whether CMCs of C. roseus contain a complete set of response system of enzymes for converting vindoline into vincristine and vinblastine, vindoline was fed to the culture of CMCs of C. roseus in either the presence or absence of methyl jasmonate (MeJA). Also, the effects of excess vindoline on the transcription of the genes involved in its biosynthesis were investigated.
In the presence or absence of 250 mM MeJA, CMCs of C. roseus were treated with 0.5 mM vindoline for 12 h, 24 h and 36 h, respectively. Vinblastine and vincristine were observed by LC-MS. As time went on, the change in accumulation of both vindoline and catharanthine was not significantly observed, suggesting that the production and consumption of the two compounds were in a state of equilibrium ( Figure 1 ). Interestingly, the treatment of vindoline enhanced the accumulation of catharanthine ( Figure 1A ). In general, additional feeding of one product can inhibit the transcription and translation of genes located at its up-stream steps due to a negative feedback mechanism, which proposed that the transcription levels of the genes involved in the synthesis of vindoline were reduced due to the addition of vindoline. We monitored the transcription levels of STR, SGD and D4H in both vindoline-treated and vindoline-untreated CMCs by quantitative real time reverse transcription PCR (qRT-PCR) [5, 6] . Unexpectedly, the transcription levels of STR, SGD and D4H were up-regulated by treated with vindoline. Eleven-day old CMCs were treated with either ethanol or 0.5 mM vindoline in ethanol, respectively. After 24 or 36 h, the CMCs were harvested and the transcript levels of STR, SGD and D4H were analyzed. For 24-h cells treated with vindoline enhanced the transcript levels of STR, SGD and D4H by 2.2, 2.0 and 2.3 folds of those of the ethanol-treated CMCs; for 36-h cells treated with vindoline led to 2.1-, 1.9-and 1.9-fold increases, respectively ( Figure 2 ).
It has been reported that the transcriptional regulator ORCA3 is capable of manipulating the transcription of STR, SGD and D4H [7] . We monitored the change in ORCA3 transcript level. The result indicated that in the CMCs with 24-h and 36-h treatment with vindoline, the transcription levels of ORCA3 increased by 3.9 and 3.8 folds of those of the control cells, respectively (Figure2A). Therefore, we supposed that vindoline may firstly enhance ORCA3 transcription which not only overcomes the negative feedback effect caused by feeding vindoline, but also improves the transcription of STR, SGD and D4H. Transcription of genes responsible for biosynthesis of catharanthine might be up-regulated by ORCA3 as well, which could be the reason that the treatment with vindoline enhanced the accumulation of catharanthine ( Figure 1A) . Regretfully, no enzyme involved in conversion of strictosidine aglycone to catharanthine has been characterized, so this assumption could not be verified.
MeJA can be used as an elicitor to enhance production of TIAs and transcription of their biosynthetic genes [3] . By jointly treating with 250 mM MeJA and 0.5 mM vindoline, enhancement of the accumulation of vindoline was not observed (Figure 1 ) and thetranscript levels of STR, SGD and D4H increased by magnitudes comparable with those of treating solely with vindoline, while the transcript level of ORCA3 was induced by 7 folds of that of the control cells ( Figure 2 ). These results indicated that MeJA, in combination with vindoline, was not capable of enhancing the accumulation of vindoline and the transcript levels of its biosynthetic genes. However, in the presence of both vindoline and MeJA, the further increase of the transcript level of ORCA3, together with the fact that vincristine and vinblastine were observed only in the CMCs treated with both MeJA and vindoline, indicated that ORCA3 also improved the transcription of genes locating at downstream of vindoline, although these genes have not been characterized as yet. In conclusion, with treatment by both vindoline and MeJA, CMCs of C. roseus produced vinblastine and vincristine, suggesting that CMCs of C. roseus contain a complete set of the enzymes involved in conversion of vindoline to vinblastine and vincristine. However, CMCs cannot produce enough vindoline to yield vinblastine and vincristinein detectable amounts, and so feeding with vindoline is necessary. The transcriptions of the genes responsible for synthesizing vindoline, such as STR, SGD and D4H, are up-regulated by ORCA3, which may play a key role in manipulating the transcription of the genes involved in transforming vindoline into vinblastine and vincristine, as well.
Experimental
Plant material: CMCs of C. roseus were prepared in our research group [8] . Initially, these CMCs were cultured in solid MS medium with 1-naphthalene acetic acid (NAA, 2.0 mg/L), sucrose (10.0 g/L) and gelrite (4.0 g/L); the pH was regulated to 5.8. After that, cultures were sub-cultured every 12 days in 250 mL Erlenmeyer flasks in liquid MS medium. The cells were cultured at 25°C with a 12/12 h light / dark cycle, agitated at 100 rpm.
Extraction procedure: Alkaloids were extracted from medium and cells, respectively, following the reported method [9] .
Analysis of TIAs:
HPLC and LC-MS experiments were performed as previously report [3] .
Monitor gene expression:
The quantitative real time reverse transcription PCR (qRT-PCR) experiments were conducted as previously report [3] .
